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ABSTRACT 

We study the radial distribution of stars of different stellar generations in the globular cluster NGC 3201. From recently published multicolour 
photometry, a radial dependence of the location of stars on the giant branch was found. We coupled the photometric information to our sample 
of 100 red giants with Na, O abundances and known classification as first or second-generation stars. We find that giants stars of the second 
generation in NGC 3201 show a tendency to be more centrally concentrated than stars of the first generation, supporting less robust results 
from our spectroscopic analysis. 
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1. Introduction 

Chemical inhomogeneities in light elements (C, N, O, F, Na, 
Al, Mg, and even Si) are intrinsic to globular clusters (GCs; 
see Gratton et al .112004] for an extensive review and references). 



In particular, the striking anticorrelation between Na and O 
abundances in GC red giant branch (RGB) stars discovered and 
studied by the Texas-Lick group (see Kraft 1994 for a review on 
those pioneering efforts) is the most notable signature observed 
with high resolution spectroscopy. The pivotal discovery of the 
Na-O (and the Mg- Al) anticorrelation in unevolved cluster stars 
(iGratton et al.l 1200 ih led to the unambiguous conclusion that 
stars of different generations co-exist in the currently observed 
GCs. The reason is that the high temperatures requi r ed for 
proton-captiire reac tions dPenisenkov & Denisenkova , 1989t 
Langer et al. 1 19931) to produce matter depleted in O, Mg and 
enriched in Na, Al are never reached in the interior of low- 
mass stars (temperature in excess of 25 or 70x10^ K are re- 
quired for the NeNa and MgAl cycles, respectively). As a con- 
sequen ce, the observations by Gratton et al. (later confirmed 
by e.g ., ICohen et al.Ll200llCarretta eTall 120041; lb' Orazi et al. , 
lid) require the existence of a previous stellar generation 
of more massive stars with higher internal temperatures suf- 
ficient to activate the necessary nucleosynthesis, providing the 
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* Based on observations collected at ESO telescopes under pro- 
gramme 073. D-021 1 



ejecta from which the second-generation stars formed. Dilution 
processes with pristine gas left in the cluster may then re- 
produce the whole length o f the Na-O anticorrelation (see 



ftanztos & Charbonnell 20061 : see however ICratton & Carre ttal 
2010h . 



The Na-O anticorrelation is so widespread among GCs 
(see e.g.. ICarretta et al. ■ l2009allbl) that this feature is probably 
associated to th e very same mechanism of cluster formation 
( ICarretta , l2006l) and may be consid ered the main criterio n to 
discriminate between bona fide GCs ( Carretta et al. , 2010l) and 
other type of clusters, regardless of their old a ges or even large 
mass (e.g. NGC 679 1 . iBragagfia et all Eo 1 Obi in prep.). 



However, while the overall pattern of the chemical com- 
position of first and second-generation GC stars is currently 
well assessed, several issues are still left open, the principal 
being the nature of the actual polluters, either intermediate 



mass Asymptotic Giant Branch stars (IM-AG Bs. I Ventura et al 



2001") or fast-rotating massive stars (FRMSs, iDecressin et al 
2007). 

One of the main questions concerns the possible link be- 
tween chemical signature and dynamical evolution of differ- 
ent stellar generations in GCs. This issue is puzzling and still 
poorly explored in a systematic way by theoretical models. 
Models where a cooling-flow feeds ga s enriched in IM-AGB 



ejecta to form second generation stars ( ID'Ercole et all 120081) . 



intrinsically predict that this generation should be more cen- 
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trally concentrated, since the gas is re-collected at the cluster 
centre. On the other hand, also second-generation stars formed 
by matter polluted by FRMS are expected to be more centrally 
concentrated. They should have the same radial distribution of 
their progenitors, that are assumed to be born near the cluster 
centre, being very massive objects. 

Even if the second generation formed at the cluster centre, 
there is the action of the dynamical evolutio n over a Hubble 
time to be taken into account. For instance, lOecressin et al 



(l2008h compute that the second-generation stars are progres- 
sively spread out by dynamical encounters. As a result, the 
radial distributions of first and second-generation stars can 
no longer be distinguished from their dynamics alone at the 
present time. In this Note we combine information from our 
ongoing FLAMES survey of chemical abundances in giants in 
GCs (see Carretta, 2006) with new l y derived ph otometry for 
the GC NGC 3201 dKravtsov et all l2009l l201(3h and we pro- 
vide new insights on the radial distribution of first and second- 
generation stars in this GC, whose rel axation time at half-mass 
radius is about 1.6 Gvr [Harris I (ll996h . 



2. Radial distribution of P, I, and E stars in 
NGC 3201 



In lCarretta et al.l ( l2009ah we showed that it is possible to sepa- 
rate a stellar component of first-generation (or primordial, P) 
stars in all GCs observed. The remaining second-generation 
stars can be further separated into intermediate (I) and extreme 
(E) components, according to the degree of O-depletion and 
Na-enhancement along the Na-O anticorrelation. 

We also tried to study the radial distribution of P, I, and 
E stars from the total sample of almost 2000 RGB stars in 19 
GCs, but concluded that the merged sample is not the best op- 
tion. Owing to the physical limitations of the FPOSS positioner 
of the FLAMES fibres, and to different mass, concentration, 
and size of the GCs, we were not able to sample cluster re- 
gions that are dynamically equivalent in all objects. As a con- 
se quence, the cu mulative distributions from the whole sample 



Carretta et al ](|2009a) may be biased. 



This bias is partly reduced when looking at an individual 
cluster. As an example we select NGC 3201, since it hosts a 
good fraction of each component among the 100 stars with 
Na, O abundarices (P =35 + 6%, 1=56 + 7%, and E=9 + 3%, 
(ICarretta et al. ■ l2009ah l. This cluster is also the subject of a re- 
cent publication advocating inhomogeneity of its stellar popu- 
lation on photometric basis dKravtsov et al. , 2010l see below). 

In Fig.[T]we show the cumulative distributions of radial dis- 
tances for stars of the P, I, and E components in NGC 3201. 
Although it is possible to see a trend for second-generation 
stars to be more centrally concentrated (and progressively more 
the E than the I component), the distributions show no sta- 
tistically significant differences if we apply a Kolmogorov- 
Smirnov (K-S) test. 

Much more significant are the differences in colour ob- 
served along the RGB for the P, I, and E populations, in particu- 
lar when using the U-B colour. We do not have U in our photo- 
metric database, so we cross-identified our stars with the multi- 
colour photometry of more than 12000 stars in NGC 3201 
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Fig. 1. Cumulative distributions of the primordial P (blue dot- 
ted line), the intermediate I (red solid line), and the extreme E 
stellar components (green dashed line) in NGC 3201 as a func- 
tion of the distance from the cluster centre. The results of the 
comparison between the distributions using a K-S test are also 
listed. 



1 - 



C 0.8 - 



0.6 - 



d 0.4 



0.2 - 




K-S prob(P.I)= 0.609 
K-S prob(E,I)= 0.002 
K 3 prob(|-:,P)= 0.003 _ 



0.2 



0.4 0.6 

U-B (mag) 



0.8 



1 



Fig. 2. Cumulative distributions of U - B colours of P (blue 
dotted line), I (red solid line), and E (green dashed line) stars 
in NGC 3201. The results of the comparison between the dis- 
tributions using a K-S test are also listed. 



by iKravtsov et al 



(I2OO9I). We used a software written by P. 
Montegriffo at the Bologna Observatory and found 138 stars 
(out of 150) in common between the two samples. Among 
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Fig. 3. Left panel: U,U-B CMD dKravtsov et al.Ll2009l) for RGB stars of NGC 3201 in common with'Carretta et al.' ('2009a|b ). 
Blue circles and red filled triangles corresponds to the two different intervals in radial distances used in Kra vtsov et al.. (i2010l) . 
Right panel: the same CMD using stars in common, but with symbols are colour-coded according to the P (blue circles), I (red 
triangles), and E (green squares) components of first and second-generation stars. 



these, 95 object^ can be classified as P, I, or E RGB stars, and 
their distributions inU - B colour are shown in Fig.|2] 

In this case, while the P and I distributions are not sta- 
tistically different, there is no doubt that the E stars have 
colours redder than the other two components, at a very high 



level of confidence. Thi s is not a new result: iMarino et al.l iKravtsov et al.L 12010 . their Fig. 3). 



( l2008l) . lYong et all ( l2008h . and lCarretta eTaD (l2009a l) 



ferent magnitude levels preferentially lying at diff'erent ra- 
dial distances, with a high level of statistical significance. 
Additionally, a similar dependence on the radial distances 
is observed among RGB stars, with the bluer stars in U - 
B systematically loc ated towards outer cluster regions (see 



convmc- 

ingly showed that in M 4 and NGC 6752 Na-poor/O-rich/N- 
poor first-generation stars are segregated on the RGB into a 
narrow strip to the blue ridge of the branch, either in the 
U,U - B colour-magnitude diagram (CMD) or in the u,u - b 
CMD from Stromgren photometry. Second-generation stars 
(Ih-E, Na-rich/O-poor, and N-rich) are instead spread out to the 
red of the RGB. This different location is due to the effect of N 
abundances, affecting U-B and u - b colour indexes through 
the formation of NH and CN molecular bands falling into the 
windows of the ultraviolet filters response. 

Fig. |2] simply confirms this behaviour for yet another GC, 
by coupling colours and Na/O abundances. However, the nov- 
elty presented in this Note is that we can exploit this property 
to get an independent insight on the radial distributions of stars 
in NGC 3201 which is completely free from any bias in the 
spe ctroscopic samp le. 

Kravtsov et al.l (1201 0) found signs of multiple sequences 



among subgiant branch stars in this GC, with stars at dif- 



' We required both Na and O values for the classification, so 
stars for which one of the two is not available were not considered. 
However, a less strict classification in first and second-generation 
(without disti nction between I and E) is possible whenever Na is mea- 



We show in Fig.[3](left panel) the U,U-B CMD for all the 
138 stars of our sample in NGC 3201 in common with Kratsov 
et al. The colour coding identifies the same two intervals in 
radial distances used by them and reflects the trend noted in 
the radial distribution. In the right panel, however, the stars in 
commorll are simply colour-coded according to their status of 
P, I, or E. The comparison between the two plots immediately 
tells us that second-generations stars in NGC 3201 must also be 
those more concentrated toward the cluster centre, according to 
their location on the CMD. 

This result supports what we find from our sample only 
(see Fig.lTJ, but is now more robust, being anchored to a much 
larger sample (almost 500 stars with UBVI photometry with 
respect to about 100 RGB stars with Na,0 abundances). 

In conclusion, we find that second-generation stars are most 
likely more concentrated toward the inner cluster regions in 
NGC 3201. Apparently, it seems that even if the relaxation 
time of NGC 3201 is much shorter than its lifetime, some 
trace of the initial formation process might be still recogniz- 



sured (see e.g. lBragaglia et alll2010ah . 



^ Note that at the faintest magnitudes some stars are missing in the 
right panel, in particular on the blue side. This happens because of the 
increased difficul ty to measure reliab le equivalent widths for faint and 
warm stars. In Carretta et al ] l l2009ah only stars with both Na and O 
abundances are attributed to one of the P, I, E populations. 
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able. Interestinglv.l Norris & Freeman ( 19791) found evidence of 
the same effect in another cluster, 47 Tucane: they determined 
that the CN-strong stars, i.e., the ones that we now attribute to 
the second generation, are more centrally located. 

While our finding does not help to discriminate between 
scenarios where the pollution comes either from AGB or 
FRMS, it off'ers another piece of evidence, useful to reconstruct 
the complex puzzle of multiple stellar populations in GCs. 
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